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INm~trCTI(JJ 
Zinc deficiency in Utah is foimdin about 7 per cent of the 
orchards (24). The severi ty varies fran minor cases to sever in-
stances in which many of the trees have died. The areas where zinc 
deficiency 1s found are becaning more extenSive as land cultivation 
continues. 
The treatment of the disorder is expensive and must be repeated 
'o.ften, far it cannot be overcame by the addition of zinc to the soil. 
The soils in Utah seem to have ample zinc, but in areas where zinc 
deficiency occurs it apparently is in a form which is not available 
r or plant growth. 
Preliminary evidence indicates high soluble phosphate in the soil 
may reduce the availab ili ty b! zinc to higher plan ts. It is the pur-
pose of this study to test the validity of this hypothesis. This 
report is not an attempt to determine the mechanism or zinc f'ixation 
or its reduction in availability; its purpose is to determine if 
there 1s a reduction in zinc availability as "measured by uptake by 
plants in the presence of high soluble phosphate. 
• 
• 
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REVIEW OF LITERATURE 
Historical 
Since the work of Sommer and J.ipman (22) in 1926 and Sommer (21) 
in 1928 showing that zinc is essential for the growth or higher 
plante, there have been numerous plants diagnosed as suffering fran a 
lack or zinc. Usually the first crops to show this deficiBl cy are 
trees such as peach, apple , cherry, plwn, apricot, pecan, tung, and 
citrus. Field crops such as corn, flax, and beans are also suscep-
tible. The first well defined case of ~inc deficiency recognized was 
in ,Florida on large plantings of tung trees. Since then zinc 
deficiency symptoms have been recognized in all of the eleven western 
,s,1tates with varying degrees of severity (24). 
The symptoms of zinc deficimc y are usually known by such descrip-
tive terms as little leaf, die-back, bronzing, rosette;' mottle leaf, 
frenching, and white bud. These terms, have been associated with the 
BJ'DlptomS of certain types of plants such as white bud' of corn, pecan ' 
rosette, and mottle leaf of citrus. 'rhey are all, however, caused by 
'a deficienCy of zinc. 
Characteristics ~ ~ Deficiency 
Zinc deficiency symptoms usually appear as a yellowing between 
the veins of the leaf, while the leaf is reduced in size and shows a 
crinkling along the main vein. Same leaves are curled and are quite 
. , 
br-ittle when the symptoms are severe. The terminal growing bud of the 
stem ceas~s to elongate, and the leaves appear as a small cluster at 
the end or the stem forming a rosette. Considerable die-back occurs 
on severely affected treas, and eventually the entire tree dies unless 
, ., 
• 
• 
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a corrective measure is applied. Trees severely affected by zinc de-
ficiency are more easily winter ld~led than are normal trees. The 
fruit which appears on zinc deficient trees is malformed and usually 
has an \Ulpleasant taste. 
Zinc deficiency can be segregated into two broad groups, depending 
Q'l the soil type on which it is 10ca ted. Soils which are acid in 
reaction and sandy in texture where the zinc has been cropped out or 
leached away constitute one group, while soils whose reactions are· 
s1igh~ly above neutral, which contain ample zinc but have it fixed in 
a form. whicI1.apparently is Wlavailable to sane plants, are the other 
group. Old corral spots and feed yards, where zinc deficiency has 
occurred, are good examples of the latter group. 
'Since zinc deficiency in Utah falls in the category where there 
. 
is ample zinc in the soil but apparently it is largely unavailable for 
plants, the discussion will be limited to that problem. 
Suggested Causes ~ Zinc Deficiency 
J8I1lison (10) states that zinc is fixed by certain types of organic 
materials in the Boil. This seems quite possible since old corral 
spots are likely sites for zinc deficiency to appear. However, 
Chandler, Hoagland, and Martin (5) were unable to induce zinc defi-
ciancy sy.mptams by addition of large amounts of manure, phosphates, 
urea, or barn-washings. 
Soils containing clays which have lCM" silica-magneaium ratios 
~ have zino substituted far the magnesium wi thin the crystal 
lattice. Also, monovalent zinc complex ions may becane fixed by 
clays (9). 
Chandler (4) states that it may be possible for microorganisms 
found in the sOil to compete 'With plants for the aVailable zinc supply_ 
.~. 
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This could not be excluded, especially where the available zinc supply 
is low. It is unlikely to be a factor in Utah soils, because the zinc 
supply seems to be adequate and generally ~he organic matter content 
is lour. 
In early Florida studies it was concluded that high phosphate con-
tent of the soil was instrwnental in reducing the zinc available to 
plants (15). 
In Utah, zinc deficiency symptoms appear only in orchards where 
the soils are slightly above neutral in reaction and have a low lime 
content. All of the soils noted have been sandy loam or gravelly 
loam in texture. Associated with these characteristics is high soluble 
phosphate content (24). Jamison (11) reported the solubility of zinc 
in a phosphate solution to be 2.5 ppm at pH 7.0 and 3.5 ppm at pH 8.0. 
Below pH 7.0 and abuve pH 8.0, its solubility increases markedly. He 
did not report the phosphate ion concentration of these solutions, but 
undoubtedly as it is increased the solubility of zinc will decrease, 
\ 
because of the solubility product principle. Barnette, ~ ale (2), 
s~ested that insoluble zinc phosphates are formed in the soil, 
rendering zinc unavailable. This point could be debated because the 
relation between solubility and availability to plants is not known. 
Chapman, Vanselow, and Liebig (7), working with citrus in solu-
tion cultures, were able to produce zinc deficiency symptoms and to 
change the degree of mottling in the leaves by changing the phosphate 
concentration in the cultures. The high concentration of phosphate 
increased the degree of mottling. 
Staker (23) Obtained greater reduction in zinc toxicity in soils 
of New York by addition of phosphate than by any other treatment 
applied, including liming to a higher pH. These soils contained as 
much as 10.16 per cent zinc. This work indicates that there apparent~ 
is a rela:t1an between phosphate content and zinc availability in soils. 
West (~6) working with citrus in Australia found that on the plots 
treat~ with superphosphate, mottle leaf symptans developed which were 
carrectedby application of zinc sulfate as a spray •. He stated that the 
application of phosphate was responsible for the appearance of tl1e 
trees. 
lti.llikan (14) reported that significant increases in the severity 
. t 
of the symptoms of zinc defici81cy were obtained by heavy applications 
of phosphate to flax. Sodium me taph os phate increased the severity more 
than did superphosyhate. This he attributed to the higher zinc content 
of the superphosphate. 
other workers who have suggested that high phosphate may affect 
the availability of zinc in the soil are Rogers and Wu (19), Powers and 
Pang (18), and Chapman, Liebig, and VanselOW' (6). 
Alfalfa grown as a cover crop will reduce the severity of zinc 
deficiency found in old corral spots (4) (5). This might be inter-
preted as being possible by the reduction of phosphate in the soil, 
since alfalfa is a notorious feeder on phosphate. 
Control Ef Zinc Deficiency 
Zinc deficiency can be controlled in soils of acid reaction by 
application of zinc salts to the soil (8). Where the soil is basic in 
reaction, this method gives no response and other methods of applica-
tion are necessary. A dormant spray using zinc sulfate gives good 
'results, as will foliar sprays of the same salt providing it is first 
neutralized with lime to prevent burning of' the leaves. Injection of 
zinc salts into trees will give good response also (24). 
6 
PhYsiological Function of ~ 
Little is known of the exact function of zinc in the metabolism at 
plants. Janes (12) suggested it is active in controlling oxidation-
reduction equilibria of the lea! cells. A relation was found by Skoog 
(20) between the zinc and auxin contents of plants. Tsui (25) working 
with tanatoes found a close relationship between zinc and the amino 
acid, tryptophane. Tryptophane is a precursor of indole-acetic acid, a 
growth substance. 
• 
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EXPOOMENTAL 
The experimental design to determine if the soluble phosphate con-
tent at soils could be responsible for causing zinc deficiency included 
both greenhouse and field experiments. Since zinc deficiency has not 
been rec ognized with small cr ops on Utah soils, field samples were 
gathered fran peach orchards in the Brigham area showing varying degrees 
or zinc deficiency symptcms. leaf samples as well as 5011 samples- were 
gathered. 
The leaf samples were rated for the severity of the zinc deficiency 
s~tans at the time of sampling. A rating of 1 was considered normal 
with the numbers 2, 3, and 4 indicating increasing severity. Lea.! 
samples were washed first in a solution of Vel, a camnercial detergent, 
then rinsed in tap water and finally distilled water. They were dried 
at 80° C. and ground in a small Wiley mill. A 1.0 gm. sample was 
digested with nitric and parchloric acids and diluted to 200 ml. Phos-
phorus, calcium, and ,potassium were determined on this solution. The 
methcxi o! Allen (I) was used for phosphorus. Calcium and potassium were 
determined by use of the Beckman flame photaneter. After wet digestion 
or a 2.0 gm. sample with nitric, perchloric, and sulfuric acids, zinc 
was detennined by the polarographic method of Walkley as given by Piper 
(17). A Heyrovsky polarograph, model XI manufactured by E. H. Sargent 
and CanpatlY, Chicago, Illionis, was used for the zinc detenninations. 
Sail samples were taken fran peach orchards showing zinc deficiency 
in the Brigham area. They were taken fran two depths, 0-12 inches and 
,12-24 inches, fran around trees showing varying degrees of zinc 
8 
deficiency, including apparently normal trees. These samples were air 
dried and screened, to pass a 2 mm. sieve to prepare thom for analysis. 
They were analyzed for COl-soluble phosphate, water-soluble phosphate, 
orga.n:l.c matter, and pH of their saturated pastes. Carbon dioxide was 
bubbled through the suspensions for 15 minutes in the determination of 
C02-so1uble phosphorus. Cbe to five suspensions of soil were, shaken 
for one minute at five minute intervals for 15 minutes before filtering 
for the water-soluble pbosphate. The phosphate content of the soil 
extracts was determined by the same methcxl employed on leaf materials. 
Organic matter was determined by the met.hod used by Peach (16). Deter-
minations of pH or the pastes were made with a Beckman pH meter equipped 
with a glass electrcxie. 
Three soils were obtained for the greenhouse studies: a gravelly 
loam of the Kilburn series fran near a zinc deficient peach orchard in 
southwest Brigham; a calcareous gravelly loam of the Bingham-Avon 
series fran a raspberr,y patch in River Heights, near Logan; and a 
phosphate deficient soil of the Mendon series from Peterboro, Utaho 
These soils were placed 1n one-gallon glazed earthen pots. The treat-
ments were as follows: 0, 100, 200, 400, and 800 Ibs. of P2'5 per acre 
(2 million lbs.) applied as calciwn monophosphate (primary); 100, 200, 
400, and 800 lbs. of P2'5 per acre applied as treble superphosphate; and 
20 and 40 tons per acre of barnyard manure. Each treatment was 
replicated four times, requiring 44 pots tar each 8 oil. 
Corn was planted in the pots' June 29, 1950, and after emergence was 
thinned to thr.ee plants per pot. The crop was harvested Augus~ 29, 1950, 
washed, dried, and ground in the a.e manner as were the lec;! samples. 
All samples were analyzed for phosphorus, calcium, and pota4siwn, USing 
, 
I 
the same procedures as for the leat sample. determinations. [Zinc was 
determined only on- the controls and the plants fran pots treated with 
calcium monoph06phate. 
After harvesting the crop, soil s~ples were taken fram each pot 
and ana~ed for C~-soluble phosp~te by the same procedure as used 
for the field soil samples. 
Beans were planted October 14, 1950, in the same pots, after the 
-"""'! ...... ".o.r. 
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additien of a second phosphate treatment, which was identical to the 
first application. After emergence they 'Were thirmed to three plants 
per pot. They were harvested December 14, 1950, washed, dried, and 
ground. by the same methocls as used before. The dry weight of the plant 
material was not great enough to, allow analysis on material from each 
pot, which entailed the combination of replicates one and two and three 
and four. These samples were analyzed for phosphorus, calcium, and 
potassimn by the same methods as used before. Zinc was determined on 
materia+ fran the same pots as before. 
Again COz-solub1e phosphate was determined on soil samples taken 
fran each pot after harvesting the beans, by the same method as used 
previously. 
A!'ter the installation of the radiation laboratory on the campus, 
a second experiment was started using radioactive zinc. Soil was 
obtained fran the same location in southwest Brigham, placed in one-
galion glazed earthen pots and treated with 50 ppm of zinc, containing 
Zn65, as zinc sulfate. Phosphate treatments of 0, 100, 200, 400, and 
800 lbs. per ~bre of P2~ applied as calcium monophosphate (primary) 
were made wi~ each treatment being replicated four times. Beans were. 
planted Decemtler 1, 1950, and were harvested January 21, 1951. The 
samples were washed, dried, and ground as before and were analyzed far 
phosphorus, calCium, and potassium by the same pr ocedures as used 
lO 
before. Radioactive zinc was determined by ashing 0.2 gm. of plant 
material at 5000 c. and making counting determinations on the ash, using 
a Tracerlab Autoscaler for determining the counts. 
Radio autographs were made of plant tissues by placing t.ll9m on 
X-ray films and storing in a refrigerator for approximately two months 
before developing. 
Soil samples were taken fran the pots containing radioactive zinc 
and were analyzed for C ~-s oluble ph os ph ate • 
« 
II 
PRESENTATION OF DATA 
~e resul1;~ of the analysis of the peach leaf tissue is given in 
I ' 
table l. All values of constituents are given on a dry weight basis. 
These data were analyzed statistically by use of linear regression 
techniques and results shown in figures 1 and 2 were obtained. 
The results show that there was less zinc in deficient leaves than 
in normal leaves. This leads me to believe that zinc is less available 
to the trees showing zinc deficiency symptans than to trees which appear 
nannal. No Significant relationship was found between the zinc and 
phosphorus content of the leaf samples. An inverse zinc-phosphorus re-
lationship had. bien expected; however" the lack of a relationship may be 
due to the .fact that the phosphorus content of tree leaves is influenced 
by nitrate content of soils (13) and other factors in addition to the 
supply or available phosphorus present. Since the samples were taken 
fran several different orchards where there was considerable variation 
in management practices, possibly the variation caused by these effects 
~ great enough to overcame the effects of high phosphate in the soil. 
The results at' analysis of the field s oil samples are ei ven in 
i 
tables 2 and 3. These da tash ow that the soils ~er zinc deficient 
peach tre~s contain greater 'amounts of COz-soluble land water-~oluble 
I 
phosphorus than do soils on which normal ,trees are :growing. There is 
no difference, however, in the quantity of crganic ;matter in soils 
, : 
I 
supporting zi~ deficient and normal trees. These I data suPPor'l~ the 
hypothesis that high soluble phosphate may be insttumental in causing 
zinc dai'iciendy in Utah orchards. Organic matter, I,at least the quantity 
12 
Table 1. 
Analysis of peach leaf samples. 
Sample Severity of MirieraI content Of' !eaves 
No. sa12tans Ca K P Zn 
per ~ent per cent per cent ppm 
l' 1 2.20 2.57 0.115 10.0 
2 1 1.66 2.33 0.154 9.0 
3 1 2.02 2.15 0.190 6.0 .' 
4 1 2.62 2.23 0.193 8.0 
5 1 1.81 2.33 0.158 9.0 
6 1 1.98 2.50 0.184 8.0 
7 1 1.83 2.~ 0.150 8.6 
8 1 2.06 1.97 0.185 6.8 
9 1 2.24 2.43 0.411 6.2 
10 1 1.99 2.41 0.170 1.0 
II 1 2.27 2 • .32 0.200 7.6 
12 1 -.. 2.88 1.07 0.452 1.6 
13 1 2.16 2.23 0.115 7.0 
14 2 1.60 2.28 0.205 5.5 
15 2 2.07 2.,30 0.175 5.0 
16 3, 1.87 2.22 0.190 6.5 
17 .3 1.72 2.54 0.192 6.5 
18 .3 1.60 2 • .37 0.234 9.5 
19 3 2.11 2.21 0.169 5.0 
20 4 2.00 2.55 0.17, 7.0 
2~ 4 ' 1.99 2.62 0.233 6.0 
22 ' 4 1.74 2.17 0.320 2.5 
23 4 1.60 2.50 0.202 4.0 
24 4 1.65 1.95 0.145 4.0 25 4 1.85 2.22 0.183 6.4 
26 4 2.00 1.38 0.161 9.0 
27 4 2.28 2.56 0.190 4.6 
28 4 1006 2.55 0.230 6.4 
. 
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Figure 1. Relationship between the zinc and phosphorus 
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Table 2. 
Analysis of field soil samples. 
Sample C~-so1o Water-sol. pH sat. crganic 
No. DeEth Status 91 P9~ Easte matter • in. ppm ppm per cent 
1 0-12 Def. 48 33 1.50 1.25 
12-24 22 18 1.50 0.62 
2 0-12' De!. 55 28 1.68 1 • .30 
12-24 44 22 7.47 1.12 
0-12 Norm. 32 20 7.85 0.83 
12-24 20 15 7.78 0 • .34 
4 0-12 Norm. 37 23 7.80 0.74 
12-24 22 12 7.78 0.34 
5 0-12 Def. 19 1.3 7.72 1.60 
12-24 19 11 7.62 0.67 
6 0-l2 Def. 17 11 7.80 1.39 12-24 24 8 7.62 0.79 
7 0-12 Norm. 17 14 7.80 2.13 12-24 20 12 7.60 1.79 
8 0-12 Norm. 17 16 7.71 2.08 
12-24 19 10 7.50 1.)2 
9 0-12 Def. 100 51 7.15 1.86 
12-24 67 34 7.41 1.00 
10 0-l2 Def. 31 29 7.60 2.30 
. 1~-24 37 19 7.49 1.54 
11 0-12 De!. 31 27 7.52 1.96 
12-24 33 21 7.49 1.04 
12 0.;..12 Norm. 19 20 7.58 1.80 
12-24 27 14 7.40 1.04 
13 0-12 Norm. 27 19 7.50 1.91 
, 12-24 28 13 7.45 1.19 
14 0-12 Def. 51 33 7.35 3.)6 
12-24 62 33 7.25 3.34 
, 
. 
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Table 2. Continued. 
pH sat. organic Sample C~-sol. Water-sol. 
No. DeEth Status p~ P9,. paste matter 
in. ppm ppm per cent 
0-12 De!. il5 68 7.00 2.17 
12-24 81 54 7.00 1.29 
16 0-12 Def. 74 58 7.41 0.53 
12-24 64 51 7.50 0.23 
17 0-12 , Def. 56 27 7.60 1.7.3 
12-24 35 19 7.60 0.50 
18 0-12 Def. 52 29 7.47 1.52 
l2-24 29 20 7.60 0.72 
19 0-12 Def. 24 33 7.50 0.63 
12-24 23 6 7.70 0.51 
20 ,0-12 Def. 17 12 7.60 0.88 ' 
12-24 18 7 7.72 0.35./ 
21 0-l2 Norm. 50 24 7.68 1.19 
12-24 55 21 7.61 0.88 
22 0-12 Norm. 52 24 7.45 1.30 
12-24 29 14 7.50 0.79 
2.3 0-12 Norm. 38 22 7.51 1.18 
12-24 24 9 7.61 0.88 
24 0-12 Norm. 28 16 7.78 1.61 
12-24 11 9 7.80 0.61 
25 0-12 Norm. 33 19 7.60 1.91 
12-24 23 9 7.45 1.44 
26 0-12 Norm. 42 17 7.38 2.05 
12-24 17 8 7'.42 0.88 
27 0-12 Norm. 18 11 7.70 1.98 
12-24 14 6 7.36 1.22 
28 0-12 Def. 41 23 7.40 1.81 
12-24 19· 12 7.41 0.83 
29 0-12 Norm. 26 14 7.34 1.57 
12-24 , 10 6 7.50 1 .. 17 
17 
~"~1e·2. Continued. 
Sample CO2-sol. Water-sol. pH sat. Organic 
No. DeEth Status PQlI P91 Easte matter 
in. ppm :1'Pm per cent 
30 96 7.61 2.35 / 0-12 Def. 37 
12-24 21 13 7.79 1.05 
.31 0-12 Def. SS 31 7.04 3.51 
12-24 29 20 7.60 1.16 
.32 0-12 Norm. 37 19 7.62 2.15 
12-24 16 10 7.67 1.15 
33 0-12 Def. 56 27 7.51 2.42 12-24 36 22 7.76 1.11 
34 0-12 Def. 79 21 7.41 2.38 
12-24 15 16 7.81 0.71 
35 0-12 Def. 178 43 7.60 2.08 
12-24 80 
.30 7.84 0.69 
36 0-12 Der. 84 25 7.39 2.40 
12-24 39 24 7.85 0.79 
37 0-12 De!. 91 53 7.46 2.50 
l2-24 82 56 7.33 1.90 
38 0-12 Der. 68 37 7.63 2.53 
12-24 60 32 7.45 2.06 
, 
39 0-12 Dei. 46 25 7.70 2.15 
12-24 43 18 7.70 1.56 
40 0-;12 Der. 42 21 7.71 . 2.29 
12-24 25 15 7.64 0.94 
-
41 0-12 Nonn. 41 20 7.40 1.83 
l2-24 22 13 7.52 0.70 
42 0-12 Norm. 25 16 7.75 1.55 
12-24 l2 8 7.60 1.02 
43 0-12 Norm. 44 22 7.48 1.93 12-24 31 17 7.65 1.35 
44 0-12 Def. 24 15 7.68 1.97 
12-24 17 6 7.50 1.81 
18 
Table 2. Continued. 
sample Water-sol. C~-sol. pH sat. Organic 
No. DeEth Status P9, P9, Easte matter in. ppm ppm per cent 
45 0-12 Def. 26 11 7.31 1.79 
12-24 17 6 7.41 0.71 
46 0-12 De!. 57 32 7.48 2.09 
12-24 30 19 7.49 1.56 
47 0-12 Norm. 50 25 7.50 1.79 
12-24 19 10 7.50 1.40 
! 
l~ 48 0-l2 Norm. 30 7.49 2.25 l2-24 14 7.35 1.53 
. 
'~ t .• , 
Table 3. 
Analysis of variance for field soil samples. 
Source of C~-s'ol. POL. Water-sol. p~ Organic matter 
variation d.f. mean s!:luare mean sg.uare mean S9:uare 
Norm. VB def 1 10118** 2893** 0.6000 
Rem.a:inder 46 883 223.1 0.5700 
Total 47 
Depth .... I 1 6534** 1601** 18.04** ,,'r 
Depth x 
Norm vs de! 1 427 5.00 0.390 
Remainder 46 209 14.34 0.0986 
Total 95 
" 
• 
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of organic matter, is not coincident with zinc deficiency in these same 
soils. 
The results of chemical analyses of carn grown in the greenhouse 
are given in tables 4 and 5. No visible zinc deficiency symptoms 
appeared on any of the plants. The analysis for zinc shOW'ed a highly 
significant decrease in the amount of zinc taken up by the plants which 
received high phosphate treatments over those of the control. Mention 
should be made of the large decrease in zinc content with the lowest 
treatment of phosphate for the Mendon soil. This 80il was phosphorus 
• deficient, and a large growth response was obtained with the first treat-
ment of phosphate. It is possible that the large decrease in zinc 
content is made up of two parts: (a) the accumulation usually present 
in dwarfed plants, and (b) the decrease caused by the phosphate affect-
ing the availability of zinc. There is no way by which the separation 
of these two factors can be accanplished vdth the data at hand. 
The amount 'of-zinc taken up by the corn was statistica.lly different 
for the three soils with the Kilburn soil supplying the least. Corn re-
sponded in the same manner for all three soils, i. e., a reduction or 
zinc content with application of phosphate. 
Analysis o! the corn samples for phosphorus showed highly signiti-
cate differences between treatments. The plants responded differently 
to the treatments on the different soils. These results were anticipated 
because of their differences in lime content. 
The relationship between zinc and phosphorus content of p1an.ts grown 
an the three soils and the linear regression for the values plot~d are 
shawn in figures 3, 4, and 5. Significant relationships between ~zinc and 
phosphorus were found for the corn grO\m on the Kilburn and MendQri soils. 
The Bingham-Avon soil did not show a significant inverse relati0I¥3hip. 
\ 
, 
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Table 4. 
The zinc content of corn grown on three soils treated 
with various quantities of mono-calcium phosphate. 
Soils Treatment 
Treatment Kilburn Bi~ham-Avon Mendon means 
P2~ )be!A ppm ppm ppm ppm 
Control 21.7 25 • .3 35.8 21.6 
100 19.2 20.0 16.0 18.4 
200 ]J.O 19.9 23.4 18.7 
400 14.8 19.0 18.4 17.4 
,800 1.3.8 18.0 1.6.4 16.0 
Soil )leans 16.5 20.4 21.3 
L. S. D. for treatment means at 0.05 level is 5.1 
O~Ol level is 6.8 
L. s. D. tor soil means at 0.05 level is 3.9 
0.01 level is 5.3 
21 
Table 5. 
The phosphorus content of corn grown on three soils treated 
with various quantities of mono-calcium phosphate. 
PhosEhorus in soils 
Treatment Kilburn B' ham-Aval Mendon 
P2~ lbs A per cent per cent per .cent 
Control 0.152 0.204 0.106 
100 0.200 o.zoo 0.158 
200 0.210 0.194 0.191 
400 0.291 0.205 0.183 
800 0.386 0.2)6 0.271 
Soil Means 0.210 0.208 0.182 
L. S. D. far treatment means at 0.05 level is 0.048 
0.01 level is 0.065 
L. S. D. far soil means at 0.05 level is 0.022 
0.01 level is 0.030 
Treatment 
Means 
per cent 
0.154 
0.186 
0.198 
0.226 
0.295 
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Figure 5. Relationsbip between zinc and phosphorus contents of corn 
and beans grown on soil of the Mendon series. 
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The lack of relationship with this soil probably resulted frem its high 
lime con ten t reducing phosphorus availability. 
Analysis of' bean plants grown on the same soils, after a second 
application of phosphate, as given in tables 6 and 7, showed a highly 
significant degrease in zinc content when compared with the controls. 
Beans showed no growth response to the applied phosphorus on any of the 
soils, and there is a better comparison than with corn in the case of 
the Mendon soil. The amount of zinc taken up by plants grown on differ-
ent soils was not significantly different .wi th beans, while wi th corn 
the differences were significant. 
Referring again to figures 3, 4, and 5, it is apparent that beans 
grown on the Kilburn and .Mendon soils showed a significant inverse rela-
tionship between zinc and phosphorus. The Bingham-Avon soil showed the 
relationship to be approaching significance. 
The results of analysis for the experiment with radioactive zinc 
are given' in table 8. There was no significant difference between the 
zinc content of the plants grown vdth and without the addition of phos-
phorus. It is interesting to note that the zinc content of these plants 
was alJ;u.ost doubled as cOlnpared to beans grown on the same soil e.xcept 
for the addition or zinc. Fran these results one would expect to be 
able to correct zinc deficiency by adding zinc to the soil. This 'is not • 
so, however, and the discrepancy cannot be explained at this time. 
There was no significant relationship between the zinc and phOS-
phorus content of the bean plants in this experiment, as shown in 
figure 6. 
The radio autographs of bean plants, shown in figure 7, show what 
appears to be an accwnulation of zinc in the conducting tissues and at 
the growing tip of the plant. They are difficult to interpret, and the 
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Table-fr.' 
Zinc content of bean plants grown in the greenhouse on three 
soils treated with various ~ounts of mono-calcium phosphate. 
Soils Treatment 
Treatment- KIiEurn Bi~ham-Avon Mendon means 
fS 2 OS iba/11 ppm ppm ppm ppm 
Control 26.8 27.8 27.2 27.2 
100 20.3 26.5 27.0 24.6 
200 21.3 21.5 22.5 21.7 
400 19.8 20.3 20.9 20.3 
800 18.7 21.5 17.8 19 • .3 
Soil ).loans 21.4 23.5 23.0 
I 
L. S. D. between treatment means at 0.05 level is 4.2 
0.01 level is 5.9 
27 
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Table 7. 
Phosphorus content of bean plants grown in the greenhouse on 
three soils treated with various amounts of mono-calcium phosphate. 
5 oils Treatment 
Treatment Kilburn Bi ham-Avon Mendon Means 
P2~ lbs A per cent per cent per cent per cent 
Control 0.254 0.34.3 0.200 
100 0.4.37 0.383 0.290 
200 0.651 0.420 0.310 
, 
400 0.835 0.525 0.380 
800 0.979 0.660 0.560 
u&¥,.\.,<i:; •• 
Soi].. Means 0.633 0.466 0.348 
L. s. D. between treatment means at 0.05 level is 
0.01 level is 
L. S. D. between soil means at 0.05 level is 0.032 
0.01 level is 0.045 
I 
0.265 
0.365 
0.460 
0.580 
0.736 
0.043 
0.060 
, 
Table 8. 
Analysis of bean plants containing radioactive zinc grown in the 
greenhouSe in Kilburn soil treated with various amounts of mono-
calcium phosphate. 
-Treatment Phosphorus Zinc 
P2Q; lbs/A per cent ppm 
Control 0.211 41.2 
100 0.238 41.8 
200 0.272 36.2 
400 0 • .378 42.2 
800 0 • .399 3S.0 
L. s. D. between mean phosphorus 
0.05 level 0.074 
contents is: 
0.01 level 0.10.3 
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Figure 6. Relationship between zinc and phosphorus contents of beans 
containing readioactive zinc. 
Figure 7. Radioautograph of bean plants 
containing radioactive zinc. 
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I.:· 
l2 
apparent concentration of zinc may be caused by the increased thickness 
of the plant tissue at these points. It is doubtful if much information 
can be gained fran them with the techniques used in this experiment. 
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DISCUSSION 
The data presented indicate that there is a relation between the 
soluble phosphorus content of ,the soil and the uptake of zinc by plants. 
The zinc content of peach leaves,showing zinc deficiency was less 
than for leaves fran normal trees. The soils fran under zinc deficient 
peach trees contained much more soluble phosphorus than did soils fran 
under nermal trees. Significant decreases in zinc content of corn and 
beans grcwm in the greenhouse were obtained by the application of phOS-
phate fert11izerso This duplicated, at least in part, the conditions 
accompanying zinc deficiency. Possibly same other limiting factor might 
have prevented the symptoms fran appearing. 
Analysis of the field soil samples indicated that there was no 
Significant difference in organic matter content between normal and 
deficient soils. In general the soils were quite low in organic mattero 
There was a significant relationship between the phosphorus and 
zinc contents of beans and corn for the Kilburn and Mendon soils, 'While 
the relationship approached significance in beans for the Bingham-Avon 
soil. The failure of the plants grown on the' Bingham-Avon soil to show 
a significant relationship might be explained on the basis of its high 
lime content, which reduced the effectiveness of the phosphate applica-
tions. Possibly if more phosphate had. been applied, the inverse 
relationship between zinc and phosphorus would have beccme significant. 
Little information was gained from the radio autogrBtPhs made USing 
plant material which contained radioactive, zinc. l.inc appears to CCll-
centrate in the conducting tissues and in the growing tip of plants. This 
34 
experiment could not be considered as a quantitative measure. 
The zinc content of 'bean plants grown in the experiment with radio-
active zinc was higher than in beans grown on soil to which no zinc was 
added prior to growing the crop •. Since there was increased zinc uptake 
after the addition of zinc to the soil, it would seem likely that the 
addition of zinc to the soil would correct the disorder in the field. 
Possibly there would be an effect if the zinc could be brought into 
illtimate contact with the plant roots such as was done in the greenhouse 
experiment by mechanical mixing • 
• 
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SUMMARY AND CCllCLUSIONS 
Experiments were set up to investigate the validity of the hypothesis 
that high content o! soluble phosphate in soils is one cause of zinc de-
ficiency in plants. Leaf and soil samples were taken from zinc deficient 
and normal areas in peach orchards near Brigham C1 ty, Utah. 
The lea! samples were analyzed for total phosphorus and zinc. 
The soil samples were analyzed for C~-aoluble and water-soluble 
phosphorus and readily oxidizable organic matter. 
The etreet of phosphate applications on the zinc content of corn 
and beans was determined in greenhouse studies using three soil8o 
This 'Work has shown that peach leaves suffering from zinc defi-
ciency contain less zinc than do normal leaves. The same trend was 
obtained in corn and beans by the addition of' phosphate fertilizer to 
the soils on 'Which they were grown. This result produces, at least in 
part, the c~di tions present during zinc deficiency. While no visible 
SJlDlptans occurred on these plants, the reduction of zinc content by 
addi tion or phosphorus may be one of several factors which is responsible 
far the occurence of these symptans. Possibly light intensity was a 
limiting factor. Also it is difficult to determine extremely mild 
cases of zinc deficiency, and it is not known whether or not the plant 
may be suffering fran a lack of zinc bef ore the dis order reaches the 
severity where visible symptoms appear. 
While this work may be a startJ further research will be necessary 
to determine the exact cause or causes of zinc deficiency. When zinc 
deficiency symptoms can be induced in controlled experiments, the exact 
36 
causes can be determined. Since zinc deficiency has not been rec og-
nized an small crops in this area, it is suggested that any further work 
be confined to crops where the disorder has been recognized, such as' 
with peach trees. 
. 
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